Background: Protein Energy Malnutrition (PEM) is associated with lot of changes in the body
I. Introduction
PEM as a range of pathological conditions arising from co-incidental lack in varying proportions of protein & calories occurring most frequently in infants and young children and commonly associated with infection. 1 Protein Energy Malnutrition results in widespread alterations in organ and system function. 2 In haematological system, changes affect all the blood cells. Some degrees of anaemia, changes in reticulocyte response, erythroid activity have been described in literatures. Hemopoiesis depends on the microenvironment of the marrow. 3, 4, 5 The sheer need for protein by the process of hemopoiesis could in itself justify the occurrence of anaemia and leucopenia which are frequently encountered in PEM. The lack of iron has been considered as being the main cause of anaemia in malnutrition. 6 However some studies demonstrate that a decrease in erythropoietin, occurring due to the reduced ingestion of protein and reduced red cell production in adaptation to a smaller lean body mass may also be responsible for anaemia. 7, 8, 9 Leucopenia and leucocytosis are situations that have been described in literature as it is usually accompanied by infectious processes or chronic disease. 10, 11, 12 Protein deficiency leads to lymphopenia, thymus, spleen and lymph node involution, which is particularly intense in the thymus and spleen. But the inconsistent observations regarding hematological changes in children with PEM have limited the usefulness of these parameters in the anticipatory care of these patients. 14 Most of the existing literatures describe mostly about anemia but changes of other cell line like leukocytes and platelets have not been described well. Moreover regarding anemia, most of the literatures have described changes mostly in severe form of malnutrition (viz kwashiorkor and marasmus) which only forms thetip of the iceberg. So there is scope for study of hematological changes in the non-severe form of PEM also.
II. Materials and Methods
The case control study was done in the departments of Pediatrics, physiology and hematology of Gauhati Medical College during a period of one year from August 2013 to August 2014. A pre designed Performa consisting of necessary queries/questionnaires was used to obtain information from the parents/guardian. A total of 200 subjects with equal number of cases and controls were selected for the study. Ethical clearance was taken from institution ethical committee and written consents were taken from parents. Patient inclusion criteria:Cases in the age group of 6-59 months were selected on the basis of their nutritional status according to Indian Academy of Pediatrics classification of PEM. Controls were taken randomly from children with normal nutritional status without hematological or infectious conditions. Malnutrition cases secondary to systemic illness were excluded from the study.
Hematological examination:
Complete blood count was performed by automated Analyser Sysmex XS 800i in hematology lab and peripheral blood smear and platelet count were done by manual method at physiology lab. EDTA anti-coagulated fresh venous samples were used. To find out the type of anemia respective tests were done if indicated and feasible. Grading of anemia was found out using WHO criteria. In samples where platelet count report was doubtful platelet was again examined in PBS and was recounted manually.
Statistics:
Data were analyzed with the help of Microsoft excel and Epi info version 7 software packages (2014) .Chi-square test and student t-test were used to test for statistical significance of the difference. A p value of < 0.05 was regarded as significant. Analysis of variance (ANOVA) was used for some comparisons.
III.

Results
A total of 200 children, 100 cases of Protein Energy Malnutrition and 100 controls of healthy children were studied. The mean age of children with PEM was 24.05 ± 14.67 months. Among the cases 13 (13%) had Gr I, 23 (23%) had Gr II, 35 (35%) had Grade III and 29 (29%) had Gr IV PEM. Among the cases, 91(91%) were anemic and only 9 (9%) had no anemia. Twenty four (24%) had mild grade of anemia, 53 (53%) had moderate anemia and 14 (14%) had severe anemia. Among the controls 68 (68%) had no anemia, 23 (23%) had mild, 8 (8%) had moderate and only 1 (1%) had severe anemia. These differences were also significant (p <0.0001).he cases had almost equal distribution of microcytic hypochromic (31%), macrocytic (30%) and normocytic normochromic type of anemia (29%). Only 1 case (1%) had dimorphic anemia. Among controls, 15 (15%) had microcytic hypochromic, 9 (9%) had normocytic normochromic and 8 (8%) had macrocytic anemia. These differences were significant (p< 0.0001). 
IV. Discussion
In this study the mean age of children with PEM was 24.05 ± 14.67 months. In a study done by Saka O et al the mean age of children with PEM was 22.7±14.40 which is almost equal to present study. 15 In our study among the cases 36 (36%) had non severe PEM (Gr I and Gr II PEM) and 64 (64%) had severe PEM (Gr III and Gr IV PEM). But Saka et al found that 40% had severe grade but 50% of the cases were only underweight. 15 this may be because most the complicated severe PEM cases were referred from periphery for better care and the less severe were treated locally.
The study confirms that anemia is a constant feature of PEM as that has been reported by previous studies. These findings are consisted with previous studies. Saka et al also found the same result. 15 The mean Hb level in cases in the present study was 8.83±1.60 gm/dl. This value is lower than what Saka et al found (10.1± 2.1 gm/dl). 15 But the lower mean values of the hematocrit and hemoglobin in children with PEM in comparison to controls is a finding that is similar to previous studies ( Saka et al, Laditan et al 16, , El Nawawy S et al 17 )
.This study has shown statistically significant lower mean values for RBC indices like RBC count, MCH and MCHC in children with PEM when compared to the controls. This is in consistent with Saka et al study. 15 But the mean of MCV was almost similar in case and controls. This is not in consistent with Saka et al study.
In this study we found a significant leucocytosis among children with PEM compared to controls. Leucocytosis in these children may be a result of infection which is seen commonly in PEM. The cases had higher mean value of Neutrophil and lower mean value of lymphocyte compared with controls although the differences were not significant. However, several other studies have shown leucopenia as well as neutropenia as a common finding in malnutrition. 18, 19, 20 The lower lymphocyte count observed in the present study and other studies can be attributed to the fact that thymus size gets reduced in children during severe PEM. 15 An important finding in the present study was a statistically significant difference in platelet count between cases and controls. Cases had more mean value of platelet counts than controls. In a study done by Abdur Rehman et al (2001) they found that the mean platelet count was increased at the beginning compared to those of after therapy and to the control. 21 But this finding is in contrast to the finding of Saka et al and Uner et al where they found low platelet count in cases. 15, 22 so more studies regarding the changes in platelet count is needed.
In the present study 91% of the children with PEM are anemic and most of them were moderate to severely anemic (73.6%), whereas only 32% of the controls were anemic and most of them were mildly anemic (71.8%). In a study done by Ozkale et al (Turkey, 2014) anemia was detected in 97% of patients with PEM and the major cause of anemia was hypochromic microcytic in this study. 23 In a recent study done by Thakur et al in New Delhi (2014), of the 131 patients with SAM, 81.1% had anemia. 67.3% of these had severe anemia and 13.8% had moderate anemia. 24 In another Indian study by R. Kumar et al (Madhya Pradesh, 2013) 88.5% children had anemia, 7.6% had mild anemia, 55.7 % had moderate anemia and 24% had severe anemia. 25 in a study done by Ubesie et al (in Nigeria 2012), they found severe anemia in 24.2% of the patients with PEM. 26 The cases had almost equal distribution of microcytic (34%), macrocytic (32.9%) and normocytic (31.8 %) anemia whereas in the controls most common anemia found was microcytic anemia (46.8%). In their study, Thakur et al got the most common type of anemia as microcytic (38.6%) followed by megaloblastic (30.5%).
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V. Conclusion
This study confirms that anemia is a near constant feature of PEM. There was nearly equal prevalence of microcytic hypochromic, macrocytic and normocytic normochromic anemia in the PEM cases. This may be explained by the fact that there is no iron deficiency or actually iron store may be more in cases of PEM. But during recovery stage only there may be relative deficiency of iron. In this regard more studies are needed. As megaloblastic anemia closely follows microcytic anemia, supplementation with vitamin B12 in addition to iron and folic acid may be recommended as was suggested by Thakur et al (2014) . Most of the children in PEM group suffer from moderate to severe anemia. Significant leukocytosis was seen among children with PEM. In this study we observed a significantly high mean value of platelet in PEM group compared to controls. More studies are needed in this issue to know what exactly happens to platelet count at different stages of malnutrition.
